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Background

Several systemic inflammatory biomarkers have been associated with poor overall survival (OS) and disease severity in patients with coronavirus disease 2019 (COVID-19). However, it remains unclear which markers are better for predicting prognosis, especially for COVID-19 Omicron BA.2 infected patients. The present study aimed to identify reliable predictors of prognosis of COVID-19 Omicron BA.2 from inflammatory indicators.



Methods

A cohort of 2645 COVID-19 Omicron BA.2 infected patients were retrospectively analyzed during the Omicron BA.2 surge in Shanghai between April 12, 2022, and June 17, 2022. The patients were admitted to the Shanghai Fourth People’s Hospital, School of Medicine, Tongji University. Six systemic inflammatory indicators were included, and their cut-off points were calculated using maximally selected rank statistics. The analysis involved Kaplan-Meier curves, univariate and multivariate Cox proportional hazard models, and time-dependent receiver operating characteristic curves (time-ROC) for OS-associated inflammatory indicators.



Results

A total of 2347 COVID-19 Omicron BA.2 infected patients were included. All selected indicators proved to be independent predictors of OS in the multivariate analysis (all P < 0.01). A high derived neutrophil to lymphocyte ratio (dNLR) was associated with a higher mortality risk of COVID-19 [hazard ratio, 4.272; 95% confidence interval (CI), 2.417-7.552]. The analyses of time-AUC and C-index showed that the dNLR (C-index: 0.844, 0.824, and 0.718 for the 5th, 10th, and 15th day, respectively) had the best predictive power for OS in COVID-19 Omicron BA.2 infected patients. Among different sub-groups, the dNLR was the best predictor for OS regardless of age (0.811 for patients aged ≥70 years), gender (C-index, 0.880 for men and 0.793 for women) and disease severity (C-index, 0.932 for non-severe patients and 0.658 for severe patients). However, the platelet to lymphocyte ratio was superior to the other indicators in patients aged <70 years.



Conclusions

The prognostic ability of the dNLR was higher than the other evaluated inflammatory indicators for all COVID-19 Omicron BA.2 infected patients.
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Introduction

The coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) Omicron BA.2 is a serious infectious disease and has rapidly spread worldwide, resulting in significant morbidity and mortality all over the world (1–3). Despite major advances in treatment modalities and the popularity of large-scale vaccination campaigns, it remains important to quickly identify COVID-19 Omicron BA.2 infected patients at high risk for in-hospital mortality. Therefore, there is an urgent need for reliable biomarkers that could predict patient survival, help identify vulnerable individuals, and timely provide them with effective treatment, as well as reasonably allocate medical resources.

Aggressive inflammatory response to SARS-COV-2 Omicron BA.2 can lead to a “cytokine storm”. This physiological reaction can accompany the entire occurrence and development of COVID-19 and directly correlates with multi-organ failure and poor prognosis of severe COVID-19 (4, 5). Recently, a growing number of studies have reported that multiple inflammation-related parameters can be used as effective prognostic predictors in COVID-19 patients. Indicators of a systemic inflammatory response, such as derived neutrophil to lymphocyte ratio (dNLR), monocyte to lymphocyte ratio (MLR), platelet to lymphocyte ratio (PLR), and systemic inflammatory response index (SIRI) have facilitated mortality prediction in COVID-19 patients (6, 7). In addition, a high systemic immune-inflammation index (SII) and neutrophil to lymphocyte ratio (NLR) are also biomarkers that influence COVID-19-related mortality (8–10).

Although the above-mentioned studies have indicated that some inflammation-related indicators have value for predicting unfavorable prognosis in COVID-19 patients, it is necessary to establish which of those indicators would be optimal in Omicron BA.2 cases. To the best of our knowledge, this is the first study to evaluate and compare the predictive and prognostic roles of 6 inflammation-related biomarkers on the survival of COVID-19 Omicron BA.2 infected patients. Additionally, we used a receiver operating characteristic (ROC) analysis to evaluate the survival predictive power of the biomarkers accounting for time dependence, which has not been thoroughly investigated in COVID-19 Omicron BA.2 infected patients. We also weighed which indicator was unique among the different sub-groups.



Materials and methods


Study design and participants

This retrospective cohort study was conducted in Shanghai Fourth People’s Hospital, School of Medicine, Tongji University, between April 12, 2022, and June 17, 2022. The study was approved by the Ethics Committee of the hospital (No. 2022105-001) and reported in the Chinese Clinical Trial Register (No. ChiCTR2200063644). The requirement for informed consent was waived by the Ethics Commission. To diagnose patients for COVID-19, samples were taken from them via nasopharyngeal swabs and tested for SARS-CoV-2 Omicron BA.2 using real-time reverse transcription polymerase chain reaction (RT-PCR). Patients aged ≥18 years old were included, while those with incomplete blood count documentation were excluded.



Data collection

Demographic, clinical, and laboratory data collected included age, gender, medical history, complete blood count, disease severity on hospital admission, length of hospitalization, and the number of days until in-hospital death. Related therapies during hospitalization were also recorded. A third researcher (L.X.) adjudicated any differences in interpretation between the two primary reviewers (X.Y. and W.Q.), who extracted information from electronic medical records of the patients using a standardized data collection form. The outcome of interest was in-hospital mortality of COVID-19 Omicron BA.2 infected patients.



Laboratory procedures and definitions

Techniques for laboratory confirmation of SARS-CoV-2 Omicron BA.2 infection have been previously reported (11). These diagnostic standards are based on the National Institute for Viral Disease Control and Prevention’s guidelines (China). After clinical remission of symptoms such as fever, coughing, and dyspnea, throat-swab specimens were collected for SARS-CoV-2 PCR re-examination every other day. The criteria for discharge were the absence of fever for at least 3 days, detection of substantial improvement in both lungs by chest computed tomography (CT), clinical remission of the respiratory symptoms, and two throat-swab samples negative for SARS-CoV-2 RNA obtained at least 24 h apart.

The Guidelines for the Prevention and Treatment of the Novel Coronavirus (Ninth Edition) in China were followed to treat all patients and to classify the severity of the disease into asymptomatic, mild, common, severe, and critically severe (12). In particular, high fever was defined as axillary temperature ≥38°C. Evaluation of medical history involved hypertension, diabetes, heart disease (coronary heart disease, myocardial disease, arrhythmia, and chronic heart failure), kidney disease (chronic kidney disease and renal insufficiency), lung disease (chronic bronchitis, bronchial asthma, chronic obstructive pulmonary disease, and lung cancer), brain disease (cerebral infarction, cerebral hemorrhage, and brain tumor) and malignant tumors.



Measurements of inflammatory parameters

Routine blood examinations, including complete blood count, were conducted at admission. The six inflammatory indicators evaluated were dNLR, NLR, SII, SIRI, PLR, and MLR. The dNLR was calculated as neutrophil count/(white blood cell count-neutrophil count), NLR was calculated as neutrophil count/lymphocyte count, SII was calculated as platelet count × neutrophil count/lymphocyte count, SIRI was calculated as monocyte count × neutrophil count/lymphocyte count, PLR was calculated as platelet count/lymphocyte count, MLR was calculated as monocyte count/lymphocyte count.



Statistical analysis

Continuous variables with normally distributed data were described as mean (SD) and compared using Student’s t-test. Mann-Whitney U test was used to compare continuous variables with non-normal distribution data described as medians (quartiles). Categorical variables were presented as n (%), and χ² or Fisher’s exact tests were used to compare differences between survivors and non-survivors, where appropriate.

We dichotomized the continuous inflammatory indicators based on the optimal cut-off points calculated using maximally selected rank statistics. OS was evaluated using Kaplan-Meier curves and analyzed by the two-sided log-rank test. To assess the relationship between the inflammatory indicators and OS, the Cox proportional hazard model was implemented. Then, the predictive value of each indicator was weighed using the C-index and time-dependent ROC curves (time-ROC). Finally, a sub-group analysis of age, gender and disease severtiy was conducted to determine whether the same indicator was applicable in the different sub-groups and to gain insight into the most useful biomarker.

A two-sided α of less than 0.05 was considered statistically significant. Statistical analyses were performed using the SPSS 22.0 software and the R 4.1.3 software.




Results


Characteristics of the patients

During 68 days and nights, the hospital staff treated a total of 2645 individuals that were diagnosed with COVID-19 Omicron BA.2. Of them, 1540 patients were aged ≥70, 953 were aged ≥80, 323 were aged ≥90, and 19 were aged ≥100. The oldest patient was 104 years old, and the youngest was 1 year old.

After excluding 298 patients who did to meet the inclusion criteria, 2347 individuals were finally enrolled in the analysis (Figure 1). Of them, 57 patients died during hospitalization and 2290 were eventually discharged. Among the 2347 patients, the mean age was 72.19 ± 16.41, females were prevalent (n = 1369, 58.3%), and 336 (14.3%) individuals underwent severe and critically severe courses of the disease. Comorbidities were present in more than half of the patients, with hypertension as the most common comorbidity, followed by heart disease and diabetes. Eighty-four (3.6%) were transferred to the intensive care unit (ICU) and 16 (0.7%) received continuous renal replacement therapy (CRRT). Five hundred and thirty-nine (23%) received primary care and 498 (21.2%) were administrated antibiotics. One hundred and eighty-nine (8.1%) had symptoms of high fever; 108 (4.6%) received noninvasive ventilation, 60 of whom received high flow ventilation. Compared with survivors, non-survivors were older and with a higher level of inflammatory indicators. Severe and critically severe patients at admission were associated with poor survival (Table 1). The comparisons of other baseline information between survivors and non-survivors are shown in Table 1.




Figure 1 | Flowchart of the patient selection process.




Table 1 | Demographics and clinical characteristics.





Association of inflammatory indicators and OS in COVID-19 Omicron BA.2 infected patients

The cut-off points of 6 inflammatory indicators were 4.01 (dNLR), 5.73 (NLR), 999 (SII), 3.77 (SIRI), 0.75 (MLR), and 275 (PLR). The non-linear correlation between these inflammatory indicators and the mortality of the patients is shown in Figure S1. Univariate and multivariate analyses showed that dNLR, NLR, SII, SIRI, PLR and MLR were independent risk factors for increased mortality in COVID-19 Omicron BA.2 infected patients (Table 2). Kaplan–Meier curves showed that patients with a high level of inflammation had unfavorable OS (Figure 2).


Table 2 | Univariate and multivariate cox analyses of inflammatory indicators in the COVID-19 Omicron BA.2 infected patients.






Figure 2 | Kaplan-Meier curves of inflammation indicators in COVID-19 Omicron BA.2 infected patients. (A–F) Kaplan-Meier curves of six inflammation indicators. (A) Derived neutrophil to lymphocyte ratio (dNLR), (B) neutrophil to lymphocyte ratio (NLR), (C) systemic immune-inflammation index (SII), (D) systemic inflammation response index (SIRI), (E) platelet to lymphocyte ratio (PLR), (F) monocyte to lymphocyte ratio (MLR).





The prognostic ability comparison of the inflammatory indicators

C-index and time-ROC were conducted to compare the prognostic capacity of 6 inflammatory indicators in COVID-19 Omicron BA.2 infected patients. Compared with the other inflammatory indicators, dNLR showed the highest C-index for OS in patients at days 5, 10 and 15, i.e., 0.844 (95% CI, 0.734-0.954), 0.824 (95% CI, 0.7443–0.905) and 0.718(95% CI, 0.637-0.799), respectively (Table 3). According to C-index, dNLR, NLR and SII were the top 3 inflammatory indicators on days 5, 10, or 15. In particular, dNLR had a higher time-dependent AUC value than the other inflammatory indicators. Additionally, SII, dNLR and NLR had the optimal predictive value on day 3 (Figure 3). Among the sub-groups, dNLR had the highest C-index regardless of age (when the patient was age ≥70), gender or disease severity. However, PLR was superior to the other indicators in patients aged <70 (Tables S1-S3).


Table 3 | C-index of six indicators for OS in COVID-19 Omicron BA.2 infected patients.






Figure 3 | Time-dependent ROC of inflammatory indicators for diagnosing overall survival in COVID-19 Omicron BA.2 infected patients. dNLR, derived neutrophil to lymphocyte ratio; NLR, neutrophil to lymphocyte ratio; SII, systemic immune-inflammation index; SIRI, systemic inflammation response index; PLR, platelet to lymphocyte ratio; MLR, monocyte to lymphocyte ratio.





Analysis of the top 3 indicators and clinical characteristics in COVID-19 Omicron BA.2 infected patients

Overall, dNLR, NLR, and SII were the top three inflammatory indicators for the prognosis of the COVID-19 Omicron BA.2 infected patients. The baseline characteristics of the patients (stratified by high/low dNLR, NLR, and SII) are shown in Tables S4, S5, S6. A forest plot of the results for dNLR, NLR, and SII across the sub-groups (Figure 4) showed that high dNLR, NLR, and SII were risk factors for mortality in patients aged ≥70 and those who were severely affected by the disease, regardless of gender. Interestingly, age (P for interaction < 0.001), gender (P for interaction < 0.001), and high levels of dNLR, NLR, and SII were found to interact. Moreover, COVID-19 Omicron BA.2 infected patients had increased dNLR, NLR, and SII along with elevated disease severity (Figure S2).




Figure 4 | Sub-group analysis of three inflammation indicators in COVID-19 Omicron BA.2 infected patients. (A–C) Sub-group analysis of dNLR, NLR, and SII in patients. (A) Derived neutrophil to lymphocyte ratio (dNLR), (B) neutrophil to lymphocyte ratio (NLR), (C) systemic immune-inflammation index (SII).






Discussion

Numerous studies have reported that inflammatory indicators are reliable predictors of OS in COVID-19 patients; however, an optimal indicator remains unknown. In the present study, we included a large cohort of COVID-19 Omicron BA.2 infected patients to assess and compare 6 inflammatory indicators, and found that patients with a high level of dNLR, NLR, SII, SIRI, PLR, and MLR were associated with poor survival. More importantly, dNLR was superior to the other indicators for predicting prognosis and stably and consistently discriminative for risk stratification in most patient sub-groups.

In the present study, the overall case-fatality rate was 2.4%. Most deaths were observed in severe or critically severe patients with a mortality rate of 14.9% (50/336), which was lower than previous studies (13–15) probably due to advancements in treatment modalities and large-scale vaccination. Nonetheless, early identification of patients at high risk of mortality remains important to contribute to the rational allocation of medical resources and timely and effective treatment. Therefore, it is important to discover convenient and optimal prognosis biomarkers for COVID-19 infection.

Recent evidence has revealed that innate and adaptive immunity are impaired during COVID-19 infection (16–18). Briefly, immunological changes in COVID-19 patients are characterized by lymphopenia, lymphocyte stimulation and dysregulation, and granulocyte and monocyte aberrations, which eventually lead to increased cytokine release and elevated antibody production (19–21). In severe conditions, neutrophil proportions become substantially higher, while eosinophil, basophil, and monocyte proportions are reduced (22–24). The dysregulation of immune responses described above may lead to multiple organ failures or even death.

Previous clinical studies have reported that dNLR (25), NLR (26), SII (27), SIRI (28), PLR (29), MLR (30), were valuable for the prognosis of COVID-19 patients. However, the use of ROC analysis to evaluate the predictive power of inflammatory markers (considering time dependence) has not been fully addressed for COVID-19 Omicron BA.2. Consistent with earlier publications, we found that those inflammatory indicators were associated with poor survival in COVID-19 Omicron BA.2 infected patients. Moreover, each indicator had an independent prognostic character.

In our study, dNLR displayed the best predictive performance for prognosis among all inflammatory indicators. The use of dNLR could be an objective, easy-to-use, and simplified approach for the early identification of high-risk in-hospital mortality of COVID-19 patients. Nevertheless, these results need to be confirmed by external COVID-19 patients.

Currently, dNLR, NLR, and SII are 3 top indicators of the systematic inflammatory response (31) and are widely investigated as useful for the prognosis of solid cancer, cardiovascular diseases, and inflammatory diseases (32–34). Patients with COVID-19 have elevated neutrophils and lower lymphocytes due to an inflammatory immune response to the viral infection. In addition, platelets produce related inflammatory factors, which have an important role in regulating immunity and inflammation during the disease (35). Therefore, derivatives of white blood cell subsets and platelets, dNLR, NLR, and SII could be relevant predictive parameters of COVID-19 Omicron BA.2 infection.

The results of the present study have several clinical implications. Since dNLR, NLR, and SII can be quickly calculated based on a routine blood test on admission, clinicians could identify COVID-19 Omicron BA.2 infected patients with a high risk of mortality at an early stage. Thus, treatments could be modified accordingly to reduce in-hospital deaths. Because the observational character of this study makes it susceptible to various confounders, we adopted strict methods of statistical adjustment to minimize potential confounding. In addition, we tested the robustness of the results by repeating the analyses in different subgroups and considering gender, age, and disease severity.

The present study also has some inevitable limitations. First, the number of deaths was limited, which may reduce validity when building a prediction model and increase the risk of overfitting. Second, we only measured the inflammatory indicators at admission, while testing dynamic changes in these indicators might be a more robust approach. Third, we had no certainty about treatments prior to patient admission, which may have affected the levels of inflammatory markers. Fourth, the cut-off points of 6 inflammatory indicators were calculated using maximally selected rank statistics, which need to be verified in the future study. Finally, for validation as the optimal predictor marker for in-hospital mortality at an early stage, dNLR needs to be further evaluated in external patients with COVID-19.

In conclusion, dNLR showed the best performance in predicting the prognosis of COVID-19 Omicron BA.2 infections among all evaluated indicators. The assessment of dNLR could identify COVID-19 Omicron BA.2 infected patients at risk of an unfavorable prognosis. Therefore, we propose dNLR as a useful prognostic marker for clinical practice.
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Supplementary Figure 1 | Restricted cubic spline of inflammation indicators in COVID-19 Omicron BA.2 infected patients. (A–F) Unadjusted and adjusted restricted cubic spline of six inflammation indicators. (A) Derived neutrophil to lymphocyte ratio (dNLR), (B) neutrophil to lymphocyte ratio (NLR), (C) systemic immune-inflammation index (SII), (D) systemic inflammation response index (SIRI), (E) platelet to lymphocyte ratio (PLR), (F) monocyte to lymphocyte ratio (MLR). The adjusted factors include age, gender, disease severity, baseline diseases. CI, confidence interval; HR, hazard ratio.
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